bacterial genomic DNA with guanidium thiocyanate. Gutierrez Martin CB, Tascon RI, et al.: 1996, Characterization of monoclonal antibodies that recognize epitopes located on O antigen lipopolysaccharide of serotypes 1, 9 and 11 of Actinobacillus pleuropneumoniae. Abstract. An environmental survey of a veterinary teaching hospital for the presence of Clostridium difficile was performed using contact plates and cycloserine-cefoxitin-fructose with 0.1% sodium taurocholate agar. Clostridium difficile was isolated from 24 of 381 sites (6.3%). Growth was obtained from 4.5% (9/202) of sites sampled in the Large Animal Clinic, from 8.1% (13/160) of sites within the Small Animal Clinic, and from 20% (2/10) of sites sampled elsewhere. Fourteen of 21 strains tested produced toxins in vitro. A geographic association was found with areas in the large animal clinic where nosocomial C. difficile diarrhea in horses had previously been diagnosed. Several other sites with a potential for nosocomial transmission of the organism were identified. Areas from which C. difficile was isolated tended to be areas with high animal traffic, with increased chance of fecal contamination, and with rough, difficult to clean surfaces. This study documents the prevalence of this organism in the environment and its potential role in nosocomial disease.
Clostridium difficile has also been implicated in an outbreak of colitis among horses at a veterinary teaching hospital. 24 At the Ontario Veterinary College institution, several cases of nosocomial C. difficile enterocolitis have been diagnosed. These foals developed diarrhea during hospitalization, C. difficile toxins were identified in feces, and no other pathogens were detected (unpublished observations). The source of nosocomial infections is not clear in most cases. Clostridium difficile has been cultured frequently from the environment and hospital personnel in human hospitals. 1, 21, 27, 31 It has also been reported in the environment in veterinary clinics 1, 7 and a veterinary teaching hospital. 24 However, these studies did not report where C. difficile was isolated, so that the significance of these results in the context of risks of nosocomial infection is difficult to assess. In humans, transmission directly between patients, between patients via hospital personnel, and from contaminated hospital environments has been reported. 21, 27, 31 Direct patient to patient contact does not typically occur between horses in our hospital. This study was designed to examine the presence of C. difficile in a veterinary teaching hospital and identify potential sources of nosocomial infection.
Contact plates containing a modified cycloserine-cefoxitin-fructose agar a (CCFA) were prereduced in an anaerobic environment for a minimum of 24 hours then firmly pressed directly on the surface to be sampled. An area of approximately 25 cm 2 was sampled. This selective and differential medium was a modified version of that previously described by George et al., 15 with the cycloserine concentration reduced from 500 g/L to 250 g/L. Sodium taurocholate was added at a concentration of 0.1% (w/v) to induce growth of spores. 10, 11, 35 Inoculated plates were incubated in an anaerobic chamber at 37 C for 48 hours initially. If no growth * Three isolates were not tested because they did not survive final subculture and storage. suspicious of C. difficile was detected, plates were incubated further and checked every 24 hours for an additional 72 hours. Colonies with colonial morphology similar to that of C. difficile were subcultured onto prereduced CCFA, b and incubated anaerobically at 37 C for 48 hours. Isolates were confirmed as C. difficile by characteristic colonial and gramstain morphology, plus the production of L-proline-aminopeptidase. c, 13, 14 The first 14 isolates were further confirmed as C. difficile using a commercial biochemical identification system for anaerobic bacteria. d In vitro toxin production was detected via inoculation of isolates into cooked meat broth medium and incubating at 37 C for 48-96 hours. Three isolates were not tested because they did not survive final subculture and storage. The supernatant was tested for the presence of C. difficile toxins A and/or B using a commercially available enzyme-linked immunosorbent assay ELISA. e The test was performed as per the manufacturer's instructions. If no toxins were detected, the isolates were inoculated onto blood agar and incubated for 48 hours. A suspension of colonies was then tested for C. difficile toxin production.
A total of 381 sites were sampled in the Large Animal Clinic, Small Animal Clinic, and other areas of the Ontario Veterinary College (Table 1) between May 3 and May 31, 1999. Twenty-four isolates of C. difficile were obtained, which was an overall recovery rate of 6.3%. Colonies were obtained for subculture after 48 hours for 15 isolates and after 72 hours for a further 7 isolates, whereas 2 isolates developed recognizable colonies only after 96 hours of incubation. The organism was widely disseminated and was found in 9 of 202 (4.5%) areas sampled in the Large Animal Clinic, in 13 of 160 (8.1%) in the Small Animal Clinic, and in 2 of 10 (20%) in other areas. Fourteen of 21 (66.7%) of the isolates produced toxins A and/or B in vitro. A number of isolates had a somewhat similar, but not characteristic appearance of C. difficile on contact plates. Many of these isolates produced characteristic colonies when subcultured onto standard CCFA and were subsequently identified as C. difficile. The most common difference was colony size because many were quite small (approximately 1 mm) on the contact plates.
In the Large Animal Clinic, isolates were obtained from a variety of areas including 1 of 35 areas sampled in isolation stalls, 2 of 22 areas in equine ward stalls, 2 of 25 floors, 1 of 22 items of equipment used on neonatal foals, 1 of 5 neonatal bovine stall floors, 1 of 4 weigh scale surfaces, and 1 of 6 items of footwear worn by clinic personnel. During the past 2 years, 3 cases of nosocomial C. difficile enterocolitis have occurred in foals housed in 1 stall that typically is used to house neonatal foals and their mares. Clostridium difficile was isolated from 2 areas on the walls of this stall. The stall was empty both times and had been cleaned after the previous mare and foal had left. The routine cleaning involved general cleaning including scrubbing the walls with a quaternary ammonium disinfectant. A toxigenic strain of C. difficile was isolated from the plastic-covered foam mats on which critically ill neonatal foals are kept. These mats are routinely cleaned and disinfected but have a rough surface, making cleaning difficult.
In the Small Animal Clinic, C. difficile was isolated from 13 of 160 sites (8.1%), including 6 of 6 areas from the entrance to the in-patient dog-walking area, 1 of 11 sites in an isolation room, 1 of 17 general floor surfaces, 1 of 8 areas of the floor in the intensive care unit (ICU), 1 of 6 ICU fluid pumps, 1 of 5 areas on weigh scales, 1 of 7 floor surfaces in the surgical preparation room, and 1 of 2 isolation kennel thermometers.
Clostridium difficile was isolated from 2 other areas. One of 7 sites within the investigators' laboratory yielded C. difficile. This was from the interior of an anaerobic chamber that was used previously to inoculate fecal samples with C. difficile. The interior was disinfected after each use, but these procedures were obviously not adequate to control the high potential level of inoculation. Clostridium difficile was also isolated from 1 of 4 floor surfaces in a postmortem room.
Although proportionately fewer isolates (6.3%) of C. difficile were obtained in this study than in earlier studies of veterinary hospitals (11.4-16.7%), 1, 7 this study advances that of others both by sampling a considerably larger number of sites and by specifying the sites sampled. The survey documents the widespread nature of contamination with C. difficile, from both the small (largely feline and canine) and large (mainly equine and bovine) sections of a veterinary teaching hospital. This extensive contamination is similar to the widespread distribution of spores in human hospital environments, where environmental surveys have reported isolation rates of 11.7% 21 to 29%. 27 The variation in size and appearance of some colonies on the contact plates may have been due to physical limitation of growth because of dirt or debris on the plate or inhibition from other substances such as detergent or disinfectant residues on sampled surfaces.
One notable, but not unexpected site of infection in the Large Animal Clinic was a stall that housed neonatal foals and mares, because cases of nosocomial C. difficile enterocolitis have occurred in foals housed in this stall. Similarly of relevance as a possible source of nosocomial infection in foals was the isolation of C. difficile from a mat on which critical neonatal foals are kept. Because foals spend a large part of the time with their heads on these mats, and because fecal contamination frequently occurs, these mats may be a major source of nosocomial infection. The source of contamination of the footwear of a surgery resident is unclear because this person had not had recent contact with an animal with diarrhea but the finding indicates the ready potential for distribution of the organism by the movement of people within the hospital. The clinical relevance of the isolation of C. difficile from the neonatal calf stall is unclear because C. difficile has been detected in the feces of healthy cattle 30 but was not associated with clinical disease. If a calf was the source of this isolate, calves may be another source of contamination of the hospital environment.
The cement pad at the entry to the walking area for dogs was the most heavily contaminated surface detected in this study. This is an obvious high-risk area because of the heavy traffic of animals and potential for fecal contamination. This was also a rough surface, which makes cleaning more difficult and may allow C. difficile spores to persist in cracks and pores on the surface. Disturbingly, the walk-on scale in the Small Animal Clinic also harbored the organism and could be considered to be a high-risk area both because of heavy use and a roughened surface. Another notable site was the small animal isolation area where toxigenic isolates of C. difficile were obtained from the floor and from a clean thermometer. The previous patient in this kennel had diarrhea of unknown origin but the feces were not tested for the presence of C. difficile or its toxins. Rectal thermometers have been associated with transmission of C. difficile in humans. 8, 9, 17 A direct correlation between recovered environmental isolates and clinical cases cannot be assessed without genotyping; however, this study demonstrates the widespread environmental contamination of a veterinary teaching hospital with C. difficile. This study also demonstrates the inefficacy of standard cleaning and disinfection procedures against spores. This seems to be particularly true for rough surfaces. The interior surface of the anaerobic chamber from which C. difficile was isolated is smooth and easy to clean, but disinfection procedures were not adequate to control the high potential level of inoculation. Environmental C. difficile may act as a source of nosocomial infection in human and veterinary hospitals, especially in patients predisposed to infection by treatment with broad-spectrum antimicrobial drugs. 26, 28, 36 In conclusion, the documented widespread dissemination of C. difficile spores in a veterinary teaching hospital draws attention to its potential for causing nosocomial or perhaps even zoonotic infection in this environment.
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